Adult males of Bovicola limbata and B. caprae were cytogenetically analyzed. Both species have n=7, holokinetic chromosomes, and achiasmatic male meiosis. As in other species of Phthiraptera, spermatogenesis follows a particular course with mitotic divisions after meiosis; consequently, cysts of 64 active spermatozoa and 64 non-functional cells (pycnotic nuclei) are encountered. In B. limbata an heteromorphic chromosome pair was observed.
Cytogenetic studies in eleven species of the order Phthiraptera revealed the presence of holokinetic chromosomes (i.e. without a localized centromere), low diploid chromosome numbers, absence of identifiable sex chromosomes and a particular spermatogenesis (Bayreuther 1955 , Doncaster and Cannon 1920 , Perrot 1934 , Ries 1932 , Scholl 1955 , Tombesi and Papeschi 1993 . Whithin the suborder Anoplura, the seven species cytogenetically analyzed present haploid numbers between 5 and 9 (Tombesi and Papeschi 1993) . In the suborder Amblycera, Gyropus ovalis presents the lowest chromosome number of the order (n=2) (Scholl 1955) , while Menacanthus stramineus has an haploid chromosome number of 5. On the other hand, in the suborder Ischnocera Goniodes stylifer presents the highest chromosome number of the Phthiraptera (n=12, 2n= 24) (Perrot 1934) , and in Lipeurus baculus Ries (1932) reported a female diploid number of 11-12. In all the species of Phthiraptera, male meiosis is achiasmatic and of the pre-reductional type, after the second meiotic division each cell divides mitotically originating a cyst of 64 spermatozoa and 64 non functional cells (Tombesi and Papeschi 1993) . Gyropus ovalis and Menacanthus stramineus (Amblycera) constitute exceptions, since after spermatogenesis cysts of 32 spermatozoa and 32 pycnotic nuclei are encountered.
In the present work, the male meiosis of Bovicola limbata and B. caprae (suborder Ischnocera) is described and analyzed.
Material and methods
Specimens of Bovicola limbata and B. caprae were collected by hand from the back and flanks of three goats (Capra hircus). A total of 164 adult males of B. limbata and 12 of B. caprae were analyzed. Specimens were identified following the descriptions of Lyal (1985) . Neither adult females nor individuals at nymphal stages were cytogenetically studied since adult females can not be morphologically differentiated (Werneck 1936 ) and nymphal stages were not yet described.
Material was fixed in 3 : 1 (absolute ethanol : glacial acetic acid) and then kept in 70% ethanol at 4°C. Dissections were performed in 45% acetic acid and gonads were placed in a drop of iron propionic haematoxylin. Slides were done by the squash method.
Results
Bovicola limbata has n=7. During spermatogenesis no cells at leptotene or zygotene were observed; pachytene cells were readily distinguished, and no typical diplotene or diakinetic stages were detected. At early prometaphase I seven achiasmatic bivalents were identified; one of them was larger and clearly heteromorphic, three were medium sized, and three, smaller (Fig. la) . At late prometaphase I bivalents were more condensed and the heteromorphism was no longer detected (Fig. 1b, c) . At metaphase I bivalents were closely disposed, making difficult their identification; however, one bivalent lied slightly outside the metaphase plate. At metaphase II chromosomes arranged in a circle, with one of them a little apart; this arrangement persisted at anaphase II and telophase II (Fig. 1d) . Cells resulting from the meiosis (primary spermatids) divided then mitotically four times (Fig. le) giving rise to a cyst of 64 secondary spermatids. These cells went then through a last mitotic division which was unequal with respect to the cytoplasm, originating a cyst of 64 tertiary spermatids and 64 pycnotic nuclei. The latter degenerated, while the spermatids differentiated in biflagellate spermatozoa (Fig. 10. In B. caprae, a lower number of meiotic cells were liable to analysis. Cells at prometaphase I showed seven bivalents, absence of chiasmata, and after spermatogenesis, cysts of 64 spermatozoa and 64 pycnotic nuclei were detected. Spermatogenesis in Bovicola (Phthiraptera)
Discussion
The almost cosmopolitan genus Bovicola infests species of Bovidae, Cervidae and Camelidae (Cicchino and Castro 1998) . As a rule, each lice species has high host specifity; nevertheless, the goat is parasited by three Bovicola species, namely B. limbata, B. caprae and B. crassipes. The latter is easily recognized by the presence of very long setae; B. limbata and B. caprae, on the other hand, are morphologically very similar; adult males differ in their copulatory apparatus while adult females have no morphological features that allow their identification (Lyal 1985 , Werneck 1936 .
Previous cytogenetic reports in Phthiraptera indicate that spermatogenesis takes place from first-instar nymphs up to the adult stage. Meiosis is particularly active in second-instar nymphs; in the third nymphal stage and adults, primary spermatocytes are much less frequent, while cysts of secondary and tertiary spermatids as well as bundles of spermatozoa and pycnotic nuclei are abundant (Tombesi and Papeschi 1993) . Since nymphal stages of B. limbata and B. caprae could not be identified, analysis of spermatogenesis has been restricted to the adult stage, making this study more difficult.
Our observations in B. limbata and B. caprae confirm certain cytogenetic characteristics of the order: presence of holokinetic chromosomes, presence of a low chromosome number, achiasmatic male meiosis, and a particular course of spermatogenesis (mitotic divisions following meiosis).
Until present, sex chromosomes have not been reported in species of Phthiraptera. It is remarkable that in B. limbata as well as in B. caprae (present report), Haematopinus suis and Menacanthus stramineus (Tombesi and Papeschi 1993) one bivalent and one chromosome (at metaphase I and metaphase II, respectively) are placed slightly outside the metaphase plate. Besides, it is also noticeable the presence of a heteromorphic pair in males of B. limbata, but since females could not be analyzed it is not possible to ascertain whether the heteromorphic pair corresponds to a sex chromosome pair.
The low diploid number of Phthiraptera species, together with the achiasmatic nature of male meiosis and the occurrence of mitotic divisions after meiosis, are all traits that lead to a diminution in genetic variability.
